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ABSTRACT 


Quantitative  measurements  vere  made  of  the  radioactivity  of  individual, 
fallout  particles  from  a  nuclear  detonation  at  the  Enivetok  Proving  Grounds. 
These  measurements  were  possible  since  Individual  particles  vhich  represen¬ 
ted  approximately  10 ^  or  more  fissions  vere  obtained.  Although  several, 
types  of  particles  vere  observed,  the  data  vere  generally  resolved  as  being 
derived  from  two  major  particle  classes  depending  upon  whether  the  coral 
had  undergone  an  obvious  physical  alteration  such  as  melting. 

A  number  of  individual  particles  vere  radiochemical ly  analyzed  for  tho 
nuclides  Ko59,  Ba-^-La1^,  Sr^  ard  Hp2 39.  The  data  obtained,  together 
with  gamma  spectral  and  decay  measurements,  indicate  that  fractionation  of 
radionuclides  was  prominent  in  the  fallout  particles.  Measured  R  values 
for  Ea^^°  and  Sr^  hased  on  Mo99  were  over  an  order  of  magnitude  lover  1m 
the  altered  particles  than  in  the  a* re  nontal-appearlEg  or  unaltered  par¬ 
ticles.  The  fisaiens/gram  values  of  altered  particles  averaged  100  times 
that  of  unaltered  particles.  Goisaa  decay  curves  of  the  tvo  classes  of 
particles  taken  from  H+50  to  E<-10,000  hr  shoved  marked  dissimilarities. 

In  addition  ts  the  established  feasibility  of  ths  individual  particle 
measurements  it  is  postulated  that  the  radioactive  ccrpouitieu  of  fallout 
at  any  point  cay  bo  determined  by  the  relative  ninabsrs  of  the  two  major 
clacoea  of  particles  observed. 


SUMKABI 


Tho  Problem 


With  few  exception*  nil  studies  to  define  the  radiochemical  comport.  - 
tien  of  fallout  hare  heea  conducted  vith  total  fallout  collection*/  l.o.» 
vith  fallout  collection*  each  of  vhich  van  composed  of  many  imdiridual 
particle*.  The  general  application  of  such  data  to  hazard  definition  and 
prediction  and  to  auch  problem*  as  fallout  formation  theory/  radiological 
decontamination/  fractionation  of  radioactive  nuclide*/  etc.  haa  bean 
restricted  by  a  lack  of  knowledge  concerning  the  nuclide  composition  *f 
individual  fallout  particle*. 

The  purpose  of  the  preaent  work  was  to  determine  the  feasibility  of 
individual  particle  analysis,,  Feasibility  vaa  defined  aa  the  ability  to 
quantitatively  ease**  individual  particle  radioactivity.  It  waa  estimated 
that  individual  particle*  containing  radioactivity  from  approximately  1010 
fiseione  would  be  required  for  such  aeBeocseat.  It  was  further  Intended 
that  if/  indeed/  such  analyses  were  feasible/  sufficient  data  would  bo 
obtained  to  establish  amounts  of  several  nuclides  and  to  search  for  differ¬ 
ence*  (l.e./  fractionation)  in  radionuclide  composition  between  individual 
particles. 

Findings 

Measurement*  wore  asde  at  the  rcdiocctivity  of  approximately  1000 
fallout  particles  from  a  nuclear  detonation  of  Operation  REEJH3.  Feasi¬ 
bility  of  Individual  particle  audyui*  natheda  was  eotabllehed  by  radio¬ 
chemical  cn*ly*is.  Dif foresee*  in  radioactive  cerposltien  were  observed 
bt tween  nensal-appaarliig  cord  particles  and  particle*  which  had  undergone 
obrieua  physical  alteration  such  as  molting* 


L* .wn 

.. 


£ 

V 


t»n' 1 1 


•*&* 


kvl 


ft- 


r-  - 


«u» 


*nfy»i 

Awfcr 


,*\  ; 

r-v' 


& 

& 


vN 

V" 


v>.‘  . 
v.v. 


r-1 


r 


fc 

< 

V 

i- 


i . 


<  i. 


i  f 
■-•{» 


■  r  'v-v-  r-  vvj.-i^k^r.^.’vv 

is: .  1 1  aBBBSggasgaa^E^^^SBB^ 


f. 

f:  * 


AEMunsmnvB  urroraotK* 


Tbs  vork  reported  be  rain  m  an  outgrevth  ef  Project  2.6j  «T 
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Ifcis  Section  .  considers  ttm  topics.  Ass*  arc  counting  lnstruaeata- 
tl«i  calibrations  sal  aenauromsto. 

Description  of  Ceuntlng  lnstrumntatiea  *'  "  :j- 


Several  toP**  *f  counting  lastnnwnts  war*  used  la  those  experlnoat* 
Brlof  descriptions  of  ttaoso  instrnssato  ara  given  belev.  *  ■ 

-  *  .  '  -  *r  >.*  .**'  i  S» 

Gaana  mil  couator 

,  •  ,  •.  «  „  .  •  *  " 

■  The  ffuam  mil  couator  (tonal  tho  "VC")  consists  of  a  cylindri 
cal  mil-type  Kal(Tl)  crystal,  1-3A  la.  la  Alma.  by  2  la.  10Hg».  couplo*n 
to  a  6252  DuMont  phototube  ifaldi  li  turn  la  connect*!  to  a  proanpiif lot 
aai  scaling  circuit.  Tho  unit  Is  capable  of  high  count  rates.  Linear  ro 
spoaso  lip  to  1,000,000  epa  is  obtained  with  high-purity,  fast  to  coy  lag 
calibration  standards.  Che  counting  efficiency  of  toe  system  Increases 
with  decreasing  energy  of  the  gsnaaray  under  assay  (except  at  Tory  low 
energies).  - 


<?o  chamber 


* 


Mt  counters 


The  sealing  psrtlsas  ef  Umh  court ors  aro  of  coavoatioaal  Mtait. 
Dotoctors  emltt  of  eemi-eyliadrical  loagitudiael  chambers  cemtalalag  1-ml 
tuagstoa  irlrt*.  fhs  counter  gas  is  90  ^  argos  ant  10  £  carbea  di  ootid*  by 
▼•law.  Shs  gas  flews  coatiaueuoly  above  a  1  ng/ca?  aluaimiiid  Mylar  via-  ■ 
tow.  6*111  ceurtiag  aampls*  ar*  centals**  la  filter  paper  liscs  mount#*  *a 
brass  plaacbsts  which  are  iadexad  to  a  reproducible  pasltloa  la  aluminum 
tollers.  Id. troll  samples  are  counted  after  placement  «a  this  plastic  films  - 
stretched  ewer  tolas  la  aluaiaua  carls. 


She  uait  ceasiste  ef  a  1-1/2  x  1-ia.  Hal  detector,  liaear  enpli- 
fior,  aaalyrer,  step  scanner,  aaA  digital  recorder.  The  a sail  crystal 
employ*!  with  the  analyser  is  useful  fer  scaaaiag  the  low  onnrxy  portion  of 
the  fission  product  spectrum  for  phot  spooks  from  Bp2  39  aad  Sc99. 


Calibrations 

Prior  to  receipt  ef  toe  fallout  e  espies  a  arxjtor  ef  prellalaary  experl - 
■eats  were  made  using  enriched  uraaiua  (93*2  $  0235)  samples  irradiated  la 
a  fel^i  aautroa  flux  for  portal*  lsse  thaa  30  nia.  She  purpose  ef  toes* 
ajssrfzaa ts  was  to  investigat*  the  accuracy  aad  reproducibility  of  isdivi- 
iaol  Bxasursrsxts  which  were  contemplated,  establish  a  procedure  fer  zaai- 
pulaticaa  of  tbs  fallout  sample*,  dafl&e  miaiaua  acceptable  activity  levels, 
Intor-eallbrato  esuntisg  lastruzsata,  aad  prsriOs  "aermel"  decay  curves 
for  zadioactiv*  mixtures  produced  by  thermal  aeutrem  fieaiea  ef  1^35 . 


jtoawmHto 

Three  prizury  typos  ef  analytical  datenaiaatiens  vers  carried  out. 
Then#  were  radioactivity  svrasurexs&ts,  r&2i«clwaical  analytes  sad  wight  - 
dwtexsdraticas.  She  specific  detormiaatloss  and  the  reoaers  fer  toe  totor- 
miasticna  ar*  described  below. 

Ea$i«aetivity  sscr-suroccats 


Koat  ef  too  activity  dotermirntioHS  consisted  ef  ansnursEoat  of 
germ  rUfUic-isa  with  eitfcar  (or  loth)  the  ’G-IC'dr  tha  V7C.  •  Sho  valuss  sb- 
taio>id  *a  those  instruments  were  need  assay  purpacao,  to  establish 

rates  cf  C-JSitsj  trd  ta  C6vpsre  tha  gasan  activities  of  diffcr&nt  particles  by 
ealciJr.iiea  cf  thrsa  activity  ratios.  These  rati&a  wore:  (ft)  well  caputs 
per  irliubo  par  r.Jlliss’pwre  (UC  cps/ua);  wall .  cow.ta  par  slaubo  per  101-  fis¬ 
sions  (E3  cps/lQ*f)j  art  milliiinperas  per  Hr*  fit  sloes  (sa/lC rHr). 


*■  ^  ^  V"ro‘^.’r  x  r  <"  ccvawa*aiVlV 


v/%  W.VUV  k/v  ITW  k"W  V>  y>  Wb  Wb  k>  m  *  Mb  A  * 


Bath  tbt  iiuntir  ul  the  dtwtnlmator  valuta  af  the  rati*  VC  cpa/na  ■ 
vara  obtain**  with  iaatrunaai*  vbaaa  datactioa  efficiaaciaa  variod  vltt 
gtosaaa  energy.  Aa  note*  above,  the  officiaacy  of  tha  vail  counter  decreased 
with  iacraasimg  garni*  energy,  whereas  tha  efficiency  af  tha  lamination  „■ 
charter  lacrosse*  vith  increasing  gamaa  aaargy.  Consequently}  tha  ratla* . . 

VC  cpn/na  far  alagl*  partielaa  (at  a  given  tlao)  raflact  Alffaraacaa  la 
tha  mdieauclld*  easpaaltlaaa  af  tha  partielaa.  Thus,  tha  VC  cpa/na  ratio*  . 
obtained  at  tha  esse  tin*  for  two  partielaa  say  ha  caapsrad  t*  inrwetigat# 
graaa  difference*  im  radlaauelid*  compositions  of  tha  tv*  partielaa. .  la  ■ 
addition,  tha  VC  cpa/na  ratio*  af  a  large  auabar  af  a ample*  have  the  advaa- .. 
tag*  of  being  eaaily  neaaured  vith  tut  recourse  to  fiaaiaa  datarmlaatioaa. 

Computation*  af  tha  ratio*  VC  cpn/lO^f  and  ha/lO^f  vara  carried  art 
far  ths  fallowing  raaaasa.  Za  tha  exaainatloa  of  radioactive  fallout  It 
la  eoanoa  practica  t*  praaeat  analytical  raault*  ia  taw*  af  fiaaiaa  event* . 
which  tha  sample  radioactivity  (ar  staple  radioaucllda  casposition)  rapra-.  . 
j  state,  that  is,  tha  auabar  of  fiaaiaa  avaat*  which  raault  la  tha  saqpl* 

'  j  radioactivity  (or  aeiapl*  radianuclida  cengwaitioa)'.  Tha  valua  far  auabar 
af  flaaioa  averts  la  data  min*  d  by  radiochemical  analysis  far  Ko99  as  <*- 
J  acribed  later  im  tM*  report.  Oaiag  fiaaiaa*  (i.*.,  10^f*)  as  tha  danooia-- 
j  :  stars  la  tha  ratios  has  tha  advantage  of  providing  a  sisglo  cerpnrieen  has* 

'  which}  in  itself}  is  cot  fiaponlant  upon  tlao  af  analysis  sal  which  dees  mat 
change  with  tins.  Korsovar,  each  rstie  reflects  radianuclida  ccspeaitiaa. 

As  such}  it  is  possible  to  Caspars  either  tha  VC  epa  per  fiaaiaa  or  xm  par  , 

•  f isoion  ratios  cf  a  number  *f  partielaa  t*  distinguish  difference*  in  radio* 
j  nuclide  cecnoaitiera  af  tha  particles.  In  oddities}'  the  reties  nay  ho  used 
;  i*  cesputs  total  fiaoiesa  far  particle*  which  have  aat  beea  subjected  t*  . 

r&iiachsraical  aselysis  hut  have  h*on  aaaaysd  an  the  vail  counter  and  leal-  .• 
j  xatlon  charter.  *  -  .  . 

5 

Other  raiicactivity  Baaaureueata  were  carried  art  with  the  aiagln 
j  ;  chaaavl  pulae  height  analyzer  sad  with  the  beta  counter.  The  analyzer  ana 
;  used  t»  rsosura  Kc^9  and  Ep239  (as  dencribed  below)  and  also  to  obtain  ' 
j  a  spoctra  which  war*  alloyed  ia  the  interpretation  af  athar  asosura— 

certs.  She  hota  csortsr  vxa  used  in  tha  assay  of  individual  separata*  .  ;  r;_> 
fiasiea  product*..  •  -  -  *  -««*. 

Esfllachosical  analyses 

A  nuabor  af  individual  partielaa  war a  dissolved  and  rsdiachani- 
cally  ar.-d.yzod  to  investis-vta  difforaucea  in  radirauclido  c«®poaiti*n 
betsraen  tho  particle  a.  sHa  particles  wore  placed  iu  o  ouall  volusatric  flask 
ny.za-r  a  lw-pswer  biacculsr  microscope.  Tha  semple. was  then  dissolved  by  . 


*TL-o  uadiT  nJ.O'V  snooiCBS "  is  widely  used  m  a  convenient  ccmputrtierAl  bds*  - 
at  this  laboratory  for  rediecheadcal  eai  radioactivity  neasureaorts."*22  •• 


I 


I  : 


*i 

;  j 


"lM  k 


applicatieaef  various  iMgwt s.:-  Msst  of  th*  solidnaterial  (and  activity) 
ef  &  «i*gl*  particle  dissolved  ia  a  few  trap*  ef  6g  EC1.  Th*  ro—lnlag 
■•Ilia  usually  cans irked  ef  small  black  particle*  which  appeared  t#  be 
carbonaceous  end  which  vere  brought  late  solution  by  the  aldltlea  ef 
er  tvs  drop*  of  72  jt  BClOl^  andvarning.-v- .  .  .  ■  • 


Badiecbemical  measurements  ef  Sr®9,  M*9?,  Ba^^P-la1^0  aad  Hi£39. 
were  carried  eat*  Sack  of  the**  specific  nuclides  vas  selected  because.  . 
.it  satisfied  eae  er  more  ef  the  following  criteria  tv-;  -  •«..  -s  »  * 


The  nuclide  vas  considered  a  refereace  audit*  or  nuclide . 
ef  particular  iaterest  fra  previous,  verk  (e.g.,  Mo99  aad 
Sp239) . 


b. 


The  audlde  vas  known  to  disproportionate  (i.e. 
im  its  distribution  ia  fallout.-  Far  example,  8x^9  has  boon 
found  to  fractionate  severely  between  sauries  from  the 

.3  ft  .  : •  .  f  ■  -  ,  t-  . 


-  detonation. 


She  half-life,  decay  scheme  aad  instrument,  response  factors, 
of  the  audlde  vere  veil  known.  It  vas  desired  that  the 
nuclide  decay  to  a  stable  daughter  and  that  the  audlde 
constitute  the  *01*  er  major  radienudlde  ef  the  element 
present  at  tias  of  separation. 


d. 


The  nuclide  contributes  1  f  or  more  to  the  total  fission 
product  beta  disintegration  rate  at  some  time  during  tin 
arbitrary  tias  period  ef  1  te  28  days  pest-detonation. 


Veil  established  and  reasonably  rapid  radiochemical  procedures 
vere  available  for  the  audlde. 


Conveutleral  radiochemical  procedures  vsr*  used  la  the  analyses 
lIw.iaIw,  i*  cents  cases,  Hc99.23,24  Hermally  aliquots 


ef  Sr®9,  Ba^-La1^0,  and,  ia  sane  cases,  Ke99.23>2& 
ef  a  sizgle  solution  of  the  dissolved  casple  vein  used.  However,  with 
lev  activity  samples  it  vas  necessary  to  employ  a  cequeatial  analysis  ef 
thn  entire  scnplo  solution.  Seas  lisS9  analyse*  vere  carried  out  by  'use 
of  the  sirgle-chaanal  pule#  height  caalyzor.  The  latter  technique  ia 
based  ea  aaolyals  of  the  photepeak  area  of  daughter  Tc99*.25  Th*  egree- 
nant  between  the  two  Estbals  vas  usually  within  10  j>  when  carried  out  ea 
the  ease  e&arplcfi:  Similar  ptctepcak  ma  analyses  were  used  to  determine 
amounts  of  Hp239. 


The  rafiiochiKaical  results  cere  calculated  ia  terms  of  Hp239 
product-to-flSDisa  (p/f)  ratios  or  B  valtes.  The  forcer  values  wore  cal¬ 
culated  directly  frea  the  ussbors  ef  atom  ef  th#  induced  activity  hp239, 
■and  the  total  fissicas  as  calculated  frea  the  nusber  ef  atona  ef  k«99  for 


'  1 


each  eaaple .  The  B  values  f*r  aad  8r®9  wrt  defiaed  ia  the  pamX.  • 

tamer  by  the  rati*  *f  atone  of  th«  nuclide  te  th*  ateras  ef  th*  reference  t 
nuclide,  K&99,  u  *bsarv*d  ia  th*  saaple  divided  by  th*  caa*  rati*  tor 
tharoal  aautrea  fiaclan  ef  C235.  yrea  this  definition  It  is  apparent  that 
R  values  froa  fall*ut  csurplas  indicat*  th*  combined  effects  ef  fraeti«aatJ,*» 
and  variatieEa  ia  flaalam  yisld.  Although  lower  thaa  thernal  fission  yiold* 
for  Sr^9  cal  vero  expected  for  fast  neutron  fission .2°* 27/ 28  th«  4atl- 

atl*a  woo  cenoidcred  t*  bo  net  groator  thaa  20  For  Ko99  th*  deviation 
was  probably  leas  and  therefore  all  fissiea  calculations  ver*  baso*  ea  a  . 
thsrcil  fiosion  yield  for  M«S9  *f  6.1  £.  These  ease  c*aalderati*ao  t*- 
gothor  with  cxporiasstal  uncertainties  generally  lead  te  observed  B  vmltj** 
ef  1.0  +  0.5/  which  aiw  considered  "aorsial"  wlthla  these  Unite. 

Weight  teicagurwconts 

Gsloctcd  par-tic  1*3  war*  weighed*  Meat  ef  theca  atMurozants  w*r* 
carried  Ctrl  en  on  Ainotrerth  nicrih&lance .  Th?  data  obtained  war*  used  t* 
cosputa  Ilia  values  for  tha  cutibar  *f  fiasioM  p®r  unit  weight  ef  fallout 
particles.  Such  roluaa  war*  cenpared  te  sioilar  value  a  obtaiasd  with  gr*e* 
celloctioaa  of  fallout  ent oriels. 
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A  total  of  300  particles  vers  received  frsa  th*  laboratory  aboard  tfao 
aanaed  ship,  YAO-hO,  which  vaa  positioned  to  receive  fallout  from  tho 
event  .*  Tho  particle*  were  ebtaiaed  from  creased  troys  exposed  sequenti¬ 
ally  during  fallout  by  a  special  collector  arzaagensnt.  The**  troy*  had  ■' 
been  examined  under  a  microaccpo  eo  tho  TAO-kO  oad  roadooly  soloctod 
particles  removed  with  lsdirldual  needles.  A  saall  anount  of  grease  had 
been  placed  *a  tho  aeedle  before  the  particle  was  ra starved;  this  Insured 
adhesion  of  the  particle.  Prior  to  use,  each  oeoilo  no*  neusted  la  a  cork# 
allowing  tho  needle  and  particle  to  be  isgertod  la  a  snail  glass  -rial  for 
shipment  to  USKRDL.  After  receipt  at  USKBEX*  each  particle  was  Measured 
on  the  GIC  and  VC  at  approriaatoly  Bt72  hr;  the  aost  active  samples  assayed 
approximately  105  cpa  in  the  VC.  Thirteen  of  the  aero  active  particles 
were  soloctod  for  analyses.  Meat  of  these  vex*  dissolved;  a  few  were  re¬ 
tained  intact  far  gastaa  spectral  asasuremeots  aad  decay  determinations. 

Additional  particles  war#  obtainad  from  two  grass  fallout  aanplss 
returned  to  US23DL  by  Project  2.63.  These  saswCLss  consisted  of  fallout 
collected  la  a  large  tray  on  Hew  Inland  (dedusted  OCC-ECV-T ~6t)  and  a 
VH3K  weplo**  rosarvod  f rea  tfca  deck  of  a  platform  eo  the  barge  T72B-29, 
which  had  beam  anchored  la  tho  lageea. 

The  large  tray  was  exposed  to  fallout  for  tha  period  Srl/h  to  BUI 
hr.  After  return  to  USKE2L,  21  particles  were  moored  at  maSen  with  a 
saall  spatula  and  placed  on  glass  slides  for  alcxssccpic  observation#  and 
were  later  transferred  to  irdividusl  glass  tubs*.  TSoa  tray  was  assayed 
for  raaicactivity  in  a  lew  gcccatxy  scdntiUetico  esua*or>*»31  bofero  tho 
particles  were  rexsrd.  Aftsr  tho  particles  varo  rsGorsd,  they  were  spread 
over  the  surface  of  a  similar  tray  ail  were  sxsayM  in  -the  same  counter, 
yellowing  this#  each  particle  was  subjected  to  analysis. 

Particles  verm  removed  from  th#  VECC  nasala  before  and  after  slsvlsg 
of  th*  estim  eacpl*.  Bightoo*  individual  per  tides  wore  moved  bsfor# 

*  tatailci  fiaocrlptieas  .of  ths  ship  positions  during  th*  event  am 

include!  la  the  report  of  Project  2.63*^ 

**  A  saa-sche&alsd  ssmgple. 
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slaving.*  These  nr*  designated  l6$W  through  18?.  Of  t&iH>  tw  (3J9  mmt 
177)  vara  analyzed  radiochemical  ly.  Tha  rmlilii  sixteen  partlelaa  vara 
ga—a  counted  tii  velghed.  The  entire  saaple  vaa  them  sieved,  end  each 
size  fraction  weighed*  aaaauraA  la  tha  GKJ*  aaA  placed  la  separate  Aiahaa. 
Uadar  a  aleraaeopa  individual  partlelaa  vara  scooped  from  larga  nusbers 
af  partlelaa  aa  aach  dish.  Each,  partlcla  vaa  halA  under  tha  alcraacapa> 
typad>  and  placed  la  a  aaparata  vial  far  assay  la  tha  VC.  Alaaat  650 
partlelaa  vara  assayed.  After  this,  a  number  of  partlelaa  typed  aaA 
AeslgaateA  VI  (sea  below)  from  the  $00  to  1000-jn  a  lava  fraetlsa  vara  com¬ 
bined  and  treateA  aa  ana  eanpls.  The  saaa  procedure  vaa  fallowed  with  m 
number  of  particles  typed  IS  aaA  a  amber  typed  W.  _  , 

Selection  of  Individual  Partlelaa  ' ,, 

Im  all  eaaaa  aelectloaa  af  Individual  partlelaa  fronlarge  groups  of 
partlelaa  vara  made  la  a  random  meaner  except  far  tha  18  partlelaa  from  1-1 
tha  WHIM  sample  a*  described  earlier.  Upon  aleraaeopa  examination  a  number 
af  observers  agreed  that  tha  fallowing  colors  and  shapes  veil  describe  the  _ 
particles  (abbreviating  symbols  used,  are  listed): 


Celer 

Tellev 

White 

Gray 

Celerless 


-X 

-V 

-0 

«c 


g , 

Spherical  -8 
Flaky  -y 
Irregular,  -X. 
Angular  .-A 
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8 arm  particles  which  were  eeapsrativsly  light  la  celer  were  observed;  this7, 
leaser  intensity  vas  noted  by  addition  af  the  latter  "L"  to  the  color  desig¬ 
nator.  Wore  detailed  descriptions  of  particle  classification  parameters 
have  been  reported  elsewhere  .32*33  ...... 

It  vaa  generally  agreed  that  the  spherical  and  flaky  partlelaa  rap-* il 
resented  an  obvious  physical  alteration  sf  the  verbal-appearing  (angular 
or  irregular)  coral  particles.  In  soaa  lnut&ncss*  lb  van  difficult  to 
typo  individual  pazticloa  by  color.  Severer*  particles  which  fcnd  obviously 
been  physically  altered  In  ses*  manor  rare  usually  easily  distinguished.  - 
As  a  coajegucsca*  the  iafomstien  obtained  in  this  investigation  is  con¬ 
sidered  to  have  been  derived  from  two  general  classes  of  particles  -  altered 
and  uaaltorGd.  The  altered  varo  define!  as  particles  possessing  spherical 
shapes  (prosiEsably  calted)  cr  particles  which  were  flaky;  unaltered  parti- 
clea  vara  defined  ea  irregular  or  angular  particles.  Adams  has  stated**  * 


*  This  group  ef  18  particles  vns  not  selected  at  ranioa.  Attaints  vara 
nado  to  secure  aciiva  spherical  particles;  hasrarer*  a  mixture  af 
ephoricdl  end  irregular  particles  vere  obtained. 

**  C.E.  Adam,  USEB2L*  personal  cearuni cation. 
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that  alaeet  all  particles  af  bath  classes  hare  actually  uadergeae  aaaa 

eh  talc  al  altaratlaa  and  has  preseated  data32  vhich  indicates  that  altarat  5“ 
partlclaa  aa  hern  defined  ara  siaply  normal  coral  particles  vhich  hat* 
haan  baatad  up  ta  and  abate  neltlng  and  hailing  tempt  rat  urn  a. 


The  only  axceptln*  ta  the  general  claaslficatiann  adapted  above  vere 
•  few  partlclaa  typed  aa  yellow  irregular  (Yl)  but  vhich  were  easily  recog¬ 
nized  aa  pertieaa  af  broken  spheres.  These  vere>  therefore*.,  altered  par¬ 
tied##*  , 
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The  majority  of  the  analytical  data  obtained  are  presented  In  three ' 
tables  and  one  figure.  One  table  includes  all  counting  and  radiochemical 
data  for  all  Individual  particles  studied.  The  figure  shove  the  activities 
of  a  large  number  of  particles  selected  at  random  from  the  WHIM  sample. 
Additional  data  for  the  WHIM  sample  axe  given  in  the  second  and  third 
tables.  Data  describing  decay  and  gamma  spectra  are  presented  later  in 
this  report  in  the  oectiea  vhere  the  counting  and  radiochemical  results 
are  discussed.  This  method  ef  presentation  was  adopted  since  the  primary 
purpose  of  the  decey  and  spectral  data  vas  to  aid  In  the  interpretation 
ef  the  counting  end  radiechsaicel  results. 


In  the  listings  ef  data,  particles  are  described  on  the  basis  of 
color  and  shape.  A  picterial  representation  of  several  particle  types 
is  provided  la  Fig.  1. 


Radiochemical  and  Counting  Data  for  Individual  Particles 


for, particles  v 
Ba1^  and  Sr8? 


Table  1  includes  data  f or,  partic  la  svh  ich  were  selected  for  individual 
analysis.  Measurements  of  Ba1*''  and  Sr8?  content  are  expressed  as  R  values. 
Well  counter  and  GIC  assays  axe  given  at  times  of  measurement  in  waits  of 
counts  per  minute  (CPH)  and  milllamperes  of  ionization  current  (ma),  res¬ 
pectively.  limits  of  reliability  axe  indicated  by  the  number  ef  significant 
figures  and  are  discussed  later  in  the  report. 


sical  and  Counting  Data  for  the  V3IM 


Table  2  presents  velght  and  activity  values  for  the  WHIM  sample.  The 
calculations  for  total  fission*  vere  based  on  empirical  GIC  values  for 
ca/fission  versus  -time  observed  gn  a  gross  sample  of  fallout  collected  at 
HOW  Island  end  analyzed  at  HROU.^ 


Courting  Data  for  Individual  Particles  Selected  From 
tha  Whim  Sample  ~ 


Lata  for  a  number  of  porfcicles  from  the  WHIM  sample  are  preaented 
in  Table  1.  Additional  particles  vere  selected  from  three  size  fractions 
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TABU!  2 


Weight,  Activity,  and  Fission  Values  for  th*  Size!  Fractions  From  the  WHDC 

Sample 


Size 


Weight 


GIC  Assay 


Fissions 


Baage  Grams 

00 

Percent, 
of  Total 

Value4,  Percent 

(10"5  as)  of  Total 

Specific 
Activity* 
(10-5  ma/gm) 

Total 

(1014) 

Per  Gram 
(1014) 

1000 

37-70 

41.8' 

1.08 

15.8 

0.0286 

21. 

O.56 

500-1000  41.91 

46.4 

3.14  . 

46.0 

0.0749 

60. 

1.4 

250-  500 

4.97 

5-5 

1.35 

19.8 

0.272 

26. 

5.2 

100-  250 

3.51 

3-9 

0.734 

10.7 

0.209 

14. 

4.0 

50-  100 

0.80 

0.9 

0.155 

2.3 

0.194 

3-0 

3.8 

50 

1.38 

1.5 

0.371 

5-4 

0.269 

7*1 

5.1 

Total 

90.27 

6.83 

0.0757 

131. 

1.5 

al  at  H+262  hr. 


and  were  measured  in  the  gamma  well  counter.  A  total  of  639  particles 
were  removed  from  the  three  indicated  size  ranges.  Of  this  total,  211 
particles  were  uncertain  as  to  description  and  therefore  were  not  typed. 
The  activities  of  the  remaining  428  particles  are  given  in  Table  3.  ant 
are  shown  in  Fig.  2.  Since  decay  corrections  were  small  over  the  periods 
of  measurement,  the  activities  may  he  considered  to  he  that  at  St-382  hr. 


TABLE  3 

Activity  at  Hfr 382  Hr  of  WHIM  Sample  Particle*  Frea  Sized  Fraction* 


Size  Raage 

-M _ 

500-1000 


250-500  . 


100-250 


Particle 


Humber  of 
Particle* 


Total  WC  Activity 
(10°  cpm) 


YS 

11 

1V.5 

LYS 

10 

10.8 

ws 

11 

7.8* 

WI 

57 

7-31 

ox 

21  - 

1.22 

Y3  • 

*3 

16.9 

CIS 

18 

6.25 

VS 

2k 

3.63 

wx 

156 

7-29 

ox 

12 

0.0913 

IS 

17 

3.& 

ITS 

k 

0.*50 

VS 

9 

0.611 

WI 

33  . 

0.277 

ox 

2 

0.0019* 
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particles  are  represented  only  as 
PALLING  WITH*  A  SIZE  RAHSC. 


WC  ACTIVITY  (CPW 


Pig.  2  WC  Activity  (H+382  hr)  of  Whi*  Sanqple  Particles  Pro*  Sized 

Fractions 
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DISCUSS  IOlf 


Data  have  been  presented  for  radiochemical  analyses  of  a  number  of 
Individual  fallout  particles.  Analyses  of  these  particle  a  vere  possible 
because  they  contained  radionuclides  from  approximately  1010  fissions  (or 
more) . 


Some  discussion  of  particle  types  has  been  presented  earlier.  It  vas 
stated  that  the  coral  particles  could,  be  grouped  Into  two  broad  categories 
or  classes  -  altered  and  unaltered,  depending,  upon  whether  the  physical 
appearance  of  the  coral  particles  resembled  a  spherical  or  flaky  (altered) 
shape  or  an  angular  or  irregular  (unaltered)  shape.  Division  sf  the  par¬ 
ticles  into  two  such  broad  classes  vas  convenient  In  that  it  permitted  the 
data  to  be  inspected  for  gross  differences.  However,  it  should  be  realised 
that  such  divisions  are  not  sharply  bounded  since  differences  exist  between 
particles  in  a  single  class.  Some  differences  were  observed  at  this  inves¬ 
tigation.  others  are  implied  in  Williamson,s33  data,  which  Indicates  that 
the  yellow  spherical  particles  were  slightly  more  radioactive  and  more 
dense  than  the  white  spheres.  These  latter  indications  were  in  qualitative 
agreement  with  the  count  data  of  this  investigation  (see  Table  3  and  Fig. 

2)  and  with  chemical  spot  tests  which  were  made  for  iron  and  which  con¬ 
sistently  indicated  greater  amounts  of  iron  in  the  yellow  samples  than  in  - 
the  v  ite. 


It  is  possible  that  additional  types  of  particles  existed  and  vere 
not  observed  in  all  samples.  For  example,  the  JAG-hO  personnel  estimated 
that  13  i>  of  the  particles  from  the  greased  trays  were  of  a  delicate  flaky 
or  aggregated  composition  as  opposed  to  the  spherical  and  irregular  par¬ 
ticles.  Flaky  particles  vere  not  observed  in  the  WHIM  and  OCC  samples, 
very  possibly  due  to  the  sampling  methods  which  in  some  cases  included, 
sieving.  Uncertainties  of  this  nature,  the  physical  appearance  of  the 
particles,  and  inspection  of  the  data  led  to  the  concept  of  two  broad 
classes  of  fallout  particles. 


In  order  to  investigate  the  data  for  differences  in  radioactive  com¬ 
position  three  assumptions  were  made  as  follows: 


1. 


2. 


Particles  may  be  classified  into  two  categories,  physically 
altered  or  physically  unaltered; 

Particle  radionuclide  composition  depends  only  on  particle 
category.  Thus,  although  the  -'mibers  and  size  ranges  of  the 
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two  categories  of  particles  rosy  vary  with  time  and  point 
of  collection,  particles  of  tbs  same .  category  have  similar 
radioactive  compositions. 

3,.'  Fractionation  of  the  reference  nuclide  Mck^,  is  small  com¬ 
pared  to  the  observed  differences  between  particle  categories. 


In  view  of  these  assumptions  an  inspection  of  the  data  in  Table  1 
Immediately  reveals  differences  in  the  radioactive  composition  of  the  two 
classes  of  particles  observed.  These  differences  are  shown  in  Fig.  3 
(A,B,C)  and  Table  V.  The  figures  show  the  time-dependent  activity  ratios 
WC  cpm/lCrf,  ca/lOrf,  and  VC  cpm/aa  as  a  function  of  time  of  measurements 
for  both  altered  and  unaltered  samples  and  also  sbov,  for  comparison, 
similar  data  obtained  la  calibration  runs  with  enriched  U235  in  which  the 
Hp239  contribution  was  low.  Deviations  of  the  values  from  the  latter  . 
curve  indicate  the  combined  effects  of  fractionation,  fission  yield  vari¬ 
ations,  and  induced  activities.  The  relative  positions  of  the  points 
clearly  show  the  differences  in  the  time-dependent  activity  ratios  for  the 
two  -types  ‘of  particles.  The  mean  values'  for  these  ratios  at  the  -various 
times  of- measurement  are  given  in  Table  4  along  with  average  values  for 
time-independent  quantities  which  were  also  derived  from  the  individual 
particle  data  In  Table  1.  The  number  of  determinations  and  standard  devi¬ 
ations -of  the  mean  values  are  also  given  in  Table  4. 


•  The  data  of  Table  %  show  that  the  value  of  fissions/gram  was  much 
larger  in  the  altered  particles  than  in  the  unaltered  particles.  The  R 
value  data -Indicates  that  the  altered  particles  were  markedly  depleted  in 
*  whereas  the  unaltered  particles  were  enriched  in  Bal40;.i*140, 

Depletion  of  Sr°9  occurred  in  altered  particles  and,  possibly,  in  unaltered 
particles.  *  The  R  values  are  shown  graphically  in  Fig.  4  (A  and  B)  in  which 
the  numbers  of  atoms  of  each  nuclide  are  plotted  versus  the  number  of  Mo99 
atoms  found  in  the  same  sample.  The  straight  lines  represent  estimated 
fission  yields  for  Ba^O  ana  Sr°9.  Product- to-f is sion  (p/f)  ratios  for 
Up2 39  did  not  exhibit  as  vide  a  variation  betveen  particle  class  as  either 
of  the  fission  products  studied.  The  p/f  ratios  obtained  from  individual 
particles  were  comparable  to  standard  cloud  sample  values^  but,  on  the 
average,  were  higher  in  samples  of  unaltered  composition. 


Other  measurements  were  made  on  three  separate  groups  of  particles 
from  the  WHIM  sample,  which  confirm  the  noted  differences  between  altered 
and  unaltered  particles.  The  first  group  all  consisted  of  VI  (i«e.,  un¬ 
altered)  particles;  the  second  and  third  groups  consisted  of  YS  and  all 
VS  (i.e.» altered  partic3.es),  respectively.  The  data  obtained  is  shown  in 


Table  1.  Once  again,  a  greater  number  of  fissions  were  associatedwith. 
altered  particles  and  the  R  values  show  a  marked  depletion  of  Ba140-La140 
and  Sr°9  in  the  altered  particles. 


TAB!*  W 

Mesa  Values  for  Several  Quantities,  for  Altered  and  Unaltered  Particles 


Quantity 


'fissWxIO*4) 
BaJW-H  value 

SlT®9-R  toI us 

VC  cjo/l04f 
®a/lO*f(xlO“17) 


VC.  cpq/ii^xlO14) 


Tine  Altered 

(H+hr)  No.  of- 

_ Samples _ Value 

-»  6  3.S  3.1 

5  0.090  +  0.068 

7  0.018  +  0.010 

71  4  O.34  ?  0.06 

105  3  0.35  +  0.08 

239  1  O.054  ~ 

532  2  0.013 

71  4  30  +  5 

105  3  24  ?  7 

239  1  3. 4 


Unentered 
No.  of 

Samples  Value 


0.090 

2.1 

0.65 

0.53 

1.1 

0.12 

O.024 

59 

109 

20 

5-1 

9.3 

8.6 

8.2 


+  042 
+  1.2 
+  0.17 
+  0.19 
+  O.4 


+  2.0 

+  1.5* 

+  1.3 


Does  not  include  one  value,  20. 5  x  lOW  for  cample  ^150. 


The  above  data  establish  differences  according  to  particle  class.  Al¬ 
though  additional  data  would  be  required  for  quantitative  assessment  of 
these  differences  it  was  possible  to  study  some  of  their  effects  by  observa¬ 
tion  of  gross  decoy  rates,  gamma  ray  spectra,  fission  per  gram  values,  and 
B  values. 

Decay  measurements 

Gross  decay  measurements  were  carried  out  in  the  gamma  well  counter 
for  two  altered  samples  (No.  6  and  So.  128)  and  two  unaltered  samples  (No.  1 
.  and  Ho.  96).  The  curves  for  samples  No.  1  and  No.  6  are  shown  in  Fig.  5A. 

The  pronounced  change  in  decay  rates  after  1000  hr  for  the  altered  samples  as 
compared  to  the  unaltered  samples  was  verified  by  counts  taken  on  a  number  of 
individual  particles  at  E+400  and  H+7100  hr.  The  mean  ratio  of  the. late  count 
divided  by  the  early  count  for  37  samples  of  the  altered  category  was  0.0152 
0.008,  or  approximately  tvice  the  corresponding  ratio  of  O.OO85  +  0.0042  found 
for  65  unaltered  samples.  These  values  are  in  good  agreement  with  decay  curve 
values  from  Fig.  5A,  which  give  0.015  and  0.0076  respectively  for  the  altered 
(Ho.  6)  and  unaltered  (No.  l)  samples.  The  differences  in  decay  rates  are 
again  shown  in  Fig.  5B,  where  the  decay  curves  are  plotted  in  terms  of  104 
fissions.  Plots  of  the  type  shown  in  Fig.  5B,  should  coincide  for  samples 
with  equivalent  radioactive  compositions. 


TABD5  5 

Fisslons/Graa  Values  for  Altered  sod  Unaltered  Particles 


Source 


Lab.  Ho. 


Fissions  *  10* 
per  graa 


Altered 


»  ! 


YAG-40 

2 

1.2 

occ 

152 

1.0 

159 

3-3 

163 

0.51 

WHIM 

165V 

4.7 

■  (prior  to  sieving) 

l66wr 

4.8 

168W 

8.5 

174 

6.1 

175 

€.3 

177 

2.8 

179 

2.6. 

, 

181 

2.0 

! 

|  WHIM 

IS 

6.7 

(500-1000  ji ) 

vs 

8.2 

MEAH 

4.2  + 

Unaltered 

occ 

148 

e.039 

149 

0.G27 

150 

0.022 

151 

0.045 

153 

0.0010 

155 

C.081 

156 

0.024 

158 

0.018 

160 

0.070 

161 

0.011 

162 

0.10 

i64 

0.032 

i 

165 

C.016 

i 


R  values 


With  respect  to  fractionation  of  radionuclides  it  has  long  teen 
accepted  that  the  nass  89  and  mass  Ik)  chains  which  exist  for  long  time 
periods  as  noble  gases,  halogens  and  alkali  metals*  would  condense  late 
and  therefore  disproportionate  with  respect  to  less  Vo lfttile ;  fclfcae nta  • . 1 3 . 
On  the  basis  of  long-lived  gaseous  precursors  it  would  be  predicted  that 
the  altered  or  salted  particles  would  exhibit  low  R  values  for  both  chains, 
with  the  89  smaller  of  the  two.  This  was  verified  by  the  mean  R  values 
given  in  Table  h,  which  were  6.090  and  0.018  for  the  l40  and  89  chains, 
respectively.  The  corresponding  values  for  the  unaltered  .particles  of  £.1 
and  O.63  indicate  that  this  latter  class  of  particles  may  be  important  as 
a  scavenger  of  these  nuclides. 

It  is  also  ef  interest  to  compare  R  values  obtained  in  this  study 
with  values  obtained  on  gross  fallout  samples.  The  latter  data  gave  Ea1™ 
R  values  and  Sr°&  g  values  of  0.10  and  0.04  respectively**  in  the  lagoon 
camples .  The  low  R  values  for  the  gross  sample  from  the  lagoon  area  are 
similar  to  R  values  obtained  with  altered  particles  and  suggests  a  lagoon ' 
fallout  composed  primarily  of  altered  particles.  This  suggestion  is  sup¬ 
ported  by  the  WHIM  sample  fission/gram  data  (described  above) . 


*  Bal^  is  formed  by  the  decay  of  the  raflioelemeats  Xe^  (l6-sec  half- 
life)  and  Cs1^  (66-sec  half-life);  Sr®9  is  formed  by  the  decay  of  the 
radioelements  (3.16-ain  half-life)  and  Rd°9  (I5.fc-min  half-life) . 

**  P.D.  LaRiviere,  USEBDL,  personal  communication. 


VALIDITY  OP  THE  DATA 


The  data  presented  in  this  report  are  of  three  distinct  types. 

These  are  weight  determinations ;  activity  measurements  (in  terms  of  in¬ 
strument  response,  e.g.,  mill lamps,  counts);  and  radiochemical  determina¬ 
tions  for  total  fissions  and  R  values. 

The  weight  determinations  were  carried  out  with  an  accuracy  and 
precision  of  approximately  plus  or  minus  5  micro  grams.  Thus,  the  majority 
of  the  weight  determinations  were  made  to  better  than  +  1 

With  few  exceptions  all  determinations  of  activity  by  gamma  well 
counting  (tic)  were  carried  out  with  a  statistical  precision  of  +  3  t 
better.  The  ionization  chamber  measurements  (GIC)  ware  made  with  a  pre¬ 
cision  dependent  upon  the  total  activity.  For  samples  reading. greater 
than  10“9  ma  the  precision  was  better  than  +  5  #  and  decreased  from  this 
..  value  to  approximately  +  20  $  for  samples  which  gave  readings  of  2x  back¬ 
ground  (17  x  10-H  aa).“ 

Experience  with  large  numbers  of  samples  has  shown  that  the  precision 
of  the  various  radiochemical  methods  used  in  this  Btudy  varied  from  +  10 
to  +  15  •(.  since  measurements  of  total  activity  were  usually  made  with 
a  far  greater  precision  than  the  radiochemical  analyses, -the  errors  in 
the  computations  of  the  various  activity  ratios  in  terms  of  fissions  were 
almost  entirely  dependent  on  the  errors  in  radiochemical  analysis.  The 
accuracy  of  the  radiochemical  determinations  were  generally  estimated  aa  , 
correct  to  +  25  $  hut  may  have  been  as  low  as  +  50  for  samples  of  low 
activity.  ** 

However,  it  is  an  unfortunate  circumstance  of  experiments  of  this 
type  that  a  large  number  of  variables,  many  uncontrolled  or  unknown,  exist 
which  could  introduce  errors  'greater  than  those  present  in  the  methods  of 
analysis.  It  is  also  generally  true  that  little  is  known  concerning  the 
magnitude  of  such  errors.  Among  errors  of  this  kind  may  be  listed  tbe 
following: 

1.  Alteration  of  sample  by  collector,  in  transit,  or  in  sampling 
process. 

2.  Hon-rardom  or  biased  selection. 

3.  Assumptions  concerning  reference  standards. 


■r— 


Cascernlng  the  third  point  it  la  customary  to  bui  calculations  for  total 
fissions  em  the  meaeured  number  of  atoms  of  the  reference  aueli4t<  Me**. 
Although  ceaparisens  made  .'on  the  basis  of  the  latter  quantity  aloao  are 
«m  it  is  sppsroat  that  estimates  for  total  fissions  or  fractiasatioa 
bshavlor  of  additional  isotopes  are  actually  based  ea  the  distribution  of 
tbo  roforeaco  nuclide  throughout  the  fallout  staple. 


Although  it  was  aet  possible  oa  the  bteie  of  the  available  lata  te 
aaeese  the  sagnitude  of  errors  1  aad  2  it  vae  possible  to  test  tho  con¬ 
sistency  of  individual  particle  data  with  data  from  neasurenents  on  gross 
ssaples  of  fallout.  The  latter  samples  are  less  subject  to  the  above 
errors  than  are  individual  particle  samplings,  are  well-defined,  and  are 
analysed  with  reasonably  woll-dsfiasd  precision  aad  accuracy 


Comparison  calculations  were  carried  out  with  lata  obtained  fro* 
^particles  fro*  the  OCC  collector,  Hcw-y-67.  The  data  for  these  P«rttel*s 
havo  been  given  in  Table  1.  yellowing  their  selection  from  the  OCC  tray 
.the  particles  were  spread  error  a  aew  trey  aad  were  counted  me  a 
a  low  geometry  scintillation  counter.  Since  the  original  tray  had  been 
previously  assayed  in  the  eaas  counter  end  its  total  fission  content  *e- 
tsrainsi,^  jfc  vae  possible  to  calculate  the  total  fissions  for  the  group 
of  e ingle  particles  as  follows: 


Total  fissions,  original  tray  (OCC  How-y-67)  «  1*78  *  10^  cp* 
at  X  +  100  -  4.3  *  101*  fissions. 

Activity,  particles  148  to  168  *  6.02  x  103  cpm  at  H  +  120  »  . 

T^tal* fissions,  particles  148  to  168  •  (4.3  x  10l4)(7.l6  x  103/ 
1.78  x  106)  -  1.7  *  1012. 


The  value  obtained,  1.7  x  1012  fissions,  compares  favorably  with  the  total, 
1.4  x  1012  fissions,  derived  by  turning  the  number  of  fissions  per  particle 
ns  determined  by  direct  radiochemical  measurement  or  by  calculation  using 
the  VC  and  GIC  activity  ratios  given  earlier  in  Table  swoaaty  of 

fission  values  for  each  particle  leading  to  the  1.4  x  10  figure  is  given 

in  Table  6. 
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TABLE  6 


Summary  of  Individually  Measured  or  Computed  Fissions  for  Particle* 

from  OCC  Tray  How-7-67 


Particle 

•Humber 

Fissions  Computed. 

on  basis  of 

VC  Measurements 
and  activity  ratio 

Fissions  Computed 
on  basis  of 

6IC  Measurements 
and  Activity  Ratio 

Fission* 
Measured 
by  Mo99 
Analysis 

Measured, 
or  Average 
Computed 

Total 

(1010  Fissions) 

148 

6.4. 

6.4 

149 

1.55 

1.68 

1.6 

150 

1.9 

1.9 

151  . 

3.7 

3-7 

152 

22. 

•22. 

153 

.0328 

•033 

154 

.0192 

.019 

155 

2.6 

2.6 

156 

1.0 

1.0 

157 

3-3* 

4.50 

3-9 

158 

0.0311 

0.031 

159 

75. 

75- 

160 

0.64 

0.64  . 

161 

0.189 

0.220 

0.20 

162. 

0.87 

0.87 

163 

17. 

17. 

164 

0.104 

0.147 

0.13 

165 

0.100 

0.110 

* 

0.11 

166 

0.0857 

0.0917 

0.089 

167 

0.436 

0.587 

0.51 

168 

0.188 

O.239 

0.21 

■ 

SIM  ’ 

• 

CO 
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COJSCLOSIOK3  AKD  RECOHMEHDmOBS 


Since  the  reported  analyse*  vere  carried  out  oa  particles  from  a*--, 
single  detonation,  a  primary  conclusion  Is  that  the  analysis  of  Indivi¬ 
dual  particles  created  by  certain  types  of  detonations  is  entirely  feas¬ 
ible.  This  feasibility  vas  established  since  individual  particles  vhlck 
represented  approximately  lCV-'5  or  more  fissions  vere  obtained.  Thus  it 
vas  possible  to  make  quantitative  measurements  of  the  radioactivity  of 
such  particles. 


Some  discussion  and  possible  explanations  for  the  observed  date  bas  ■ 
been  given  earlier..  As  a  result,  it  is  suggested  that  fallout  data  obtained 
on  gross  particulate' samples  collected  at  various  distances  from  the  site 
of  detonation,  vhere  possible,  should  be  examined  on  the  assumption  of  - 
sample  compositions  consisting  of  varying  percentages  of  altered  and  un¬ 
altered  fallout  particles  as  defined  in  this  report.*  T hat  Is-  the  data 
should  be  Inspected  to  determine  if  fractionation  effects,  differences  in 
gamma  energy  flux  per  fissions,  etc.  may  be  attributed  to  the  relative  . 
numbers  of  altered  and  unaltered  particles.  Presentations  of  single  par¬ 
ticle  data  in  terms  of  fissions/gram,  R  values,  rates  of  decay,  gamma 
-  spectra  and  activity  ratios  should  aid  in  the  interpretation  of  gross 
sample  values.  The  individual  particle  information  may  also  be  of  value 
in  fallout  model  derivations  and  predictions  and  in  particle  formation 
theory. 37 

Further  individual  particle  analyses  should  place  greater  emphasis  on 
the  collection  and  preservation  of  undisturbed  samples  and  more,  rapid  and 
improved  methods  of  measurement.  For  particle  a  of  sufficient  activity  it 
vas  found  that  radionuclide  differences  were  readily  detected  by  measure¬ 
ment  in  two  instruments  vith  different  gamma  ray  efficiencies.  The  gamma 
ionization  chamber  in  conjunction  vith  the  veil  scintillation  counter 
served  satisfactorily  in  this  respect  except  for  the  rather  lov  sensitivity 
of  the  ionization  chamber.  With  the  exception  of  the  gamma  ray  spectro¬ 
meter  measurements  for  total  fissions  the  radiochemical  separations  vers 
too  slov  for  large  numbers  of  samples.  Either  more  rapid  methods  of 
separation  and  counting  are  required  or  partial  separations  followed  by 
intensive  gamma  ray  spectrometer  measurements. 


♦Preliminary  calculations  carried  out  by  P.  LaRiviere,  USHRDL,  and  the 
authors  indicate  that  R  values  for  gross  samples  are  calculable  fro* 
single  particle  radiochemical  data  and  knowledge  concerning  the  relative 
numbers  of  altered  and  unaltered  particles. 
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19.  J.U.  Jones,  R.T.  Overman.  AECD-2367  (1948);  Technical  Information  Branch, 
Oak  Ridge  National  Laboratory,  Oak  Ridge,  Tennessee. 

20.  C«F»  Miller.  Response  Curves  for  USHHDL  Four-Pi  Ionisation  Chamber.  U.S. 
Naval  Radiological  Defease  Laboratory  Technical  Report,  OSNRDL-TR-155, 

17  May  1957. 

21.  C.F.  Miller.  Gamma  Decay  of  Fission  Products  From  the  Slow  Neutron  Fission 
of  U235.  u.S.  Naval  Radiological  Defense  Laboratory  Technical  Report, 
USNRDL-TR-I87,  July  11,  1957* 

22  R.C.  Bodies,  N.B.  Ballou.  Calculated  Activities  and  Abundances  of  U235 
*  Fission  Products.  U.S.  Naval  Radiological  Defense  Laboratory  Report, 
USNRDL-456,  August  30,  1956. 


C.D.  Coryell,  M.  Sugarman.  Radiochemical  Studies The  Fission  Products, 
Book  3.  McGraw-Hill  Book  Co.,  Inc.,  1951.  : 


K.  Lindner.  Radiochemical  Procedures  in  Use  at  the  University  of  Calif¬ 
ornia  Radiation  Laboratory  (Livermore,  California) .  •.  UCRL-4377  August  10, 

195V. 


L.D.  Mclsaae.  Determination  of  Up2 39,  Total  Fissions,  Mo^,  and  Ce^ 
in  Fission  Product  Mixtures  by  Gamma-Ray  Scintillation  Spectrometry.  ■ 
U.S.  Naval  Radiological  Defense  Laboratory  Technical  Report,  USNRDL-TR-72 ' 
January  6,  1956.  . . 


G.P.  Ford,  J.S.  Gilmore.  Maas  Yields  From  Fission  by  Neutrons  Between 
Thermal  and  ikJf  Mev.  LA-1997,  February  1956  (CLASSIFIED) . 


J.G.  Cuninghame.  The  Mass  Yield  Curve  for  Fission  of  Natural  Uranium  by 
l4-Mev  Neutrons.  J.  Inorg.  Noel.  Chem.  2:1  (1957). 


S.  Ratcoff.  Fission-Product  Yields  from  U,  Th  and  Pu.  Nucleonics  16, 
Ho.  h,  78  (1958). 


T.  Triffet,  P.D.  LaRiviere,  B.C.  Brans  III,  W.W.  Perkins,  S.  Baum. 
Characterization  of  Fallout,  Operation  REDWING,  Project  2.63.  U.S.  Naval 
Radiological  Defense  Laboratory  Interim  Test  Report,  ITR-1317,  Vol.  1, 
April  1957  (CLASSIFIED). 


S.  Foti.  U.S.  Baval  Radiological  Defense  Laboratory  personal  communication. 


P.D.  LaRiviere.  Response  of  a  Low  Geometry  Counter  to  Fission  and  Other 
Products.  U.S.  Naval  Radiological  Defense  Laboratory  Technical  Report, 
USHRDL-TR-303*  February  k,  1959. 


C.E.  Adams.  Nature  of  Individual  Radioactive  Particles:  Fsllout  Particles 
From  Shots  Zuni  and  Teva,  Operation  REDWING.  U.S,  Naval  Radiological 
Defense  Laboratory  Technical  Repar  USNRPL-TR  -1.3  3*  Feburary  1957  (CLASSI¬ 

FIED). 


W.  Williamson  Jr.  Investigation  and  Correlation  of  Some  Physical  Para¬ 
meters  of  Fallout  Material.  U.S.  Naval  Radiological  Defense  Laboratory 
Technical  Report,  USURDL-TE-152,  March  1957. 


W.E.  Thompson.  Spectre  metric  Analysis  of  Gamma  Radiation  From  Fallout 
Frcm  Operation  REDWING.  U.S.  Naval  Radiological  Defense  Laboratory 
Technical  Report,  USNRDL-TR-1H6,  April  29,  1957. 


„  -  _  ______  <  Ballou.  Boob  Fraction  Measurement  Techniques,  U.S.' 

35'  Radiological  Defense  Laboratory  Technical  Report,  USNKDL-TR-17  >. 

September  11,  1957  (CLASSIFIED). 

-c  m  m~*+r**.  v  n  LaRJviere.  Characterization  of  Fallout,  Operation 
3  2.63.  0.3.  gv»l  NWloslcal 

Report,  HR  1317i  February  1957  (CLASSIFIED). 

VT  C  V  ta-nu,  v  B  Farlcw.  The  Compositions,  Structures  and  Origins  of 

S£R  wioS1£a=5..  71.  Naval  Nadiol^cal  Was.  law 

tory  Report,  TJSHRDL-209,  February  3>  1958* 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR 
OTHER  DATA  ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION 
WITH  A  DEFINITELY  RELATED  GOVERNMENT  PROCUREMENT  OPERATION, 
THE  U.  S.  GOVERNMENT  THEREBY  INCURS  NO  RESPONSIBILITY,  NOR  ANY 
OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE  GOVERNMENT  MAY 
HAVE  FORMULATED,  FURNISHED,  OR  IN  ANYWAY  SUPPLIED  THE  SAID 
DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER 
OR  ANY  OTHER  PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR 
PERMISSION  TO  MANUFACTURE,  USE  OR  SELL  ANY  PATENTED  INVENTION 
THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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